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SHARED-USE DATA PROCESSING FOR 
PROCESS CONTROL SYSTEMS 

FIELD OF THE INVENTION 
The present invention relates generally to process control systems within 
5 process plants and, more particularly, to a data processing facility that uses internet- 
based communications to provide data processing and control facilities to a plurality 
of process plants. 

DESCRIPTION OF THE RELATED ART 
Process control systems, like those used in chemical, petroleum or other 

10 process plants, typically include one or more centralized or decentralized process 

controllers communicatively coupled to at least one host or operator workstation and 
to one or more process control and instrumentation devices, such as field devices, via 
analog, digital or combined analog/digital buses. Field devices, which may be, for 
example valves, valve positioners, switches, transmitters and sensors {e.g,, 

15 temperature, pressure and flow rate sensors), perform functions within the process 
such as opening or closing valves and measuring process parameters. The process 
controller receives signals indicative of process measurements or process variables 
made by or associated with the field devices and/or other information pertaining to the 
field devices, uses this information to implement a control routine and then generates 

20 control signals which are sent over one or more of the buses to the field devices to 
control the operation of the process. Information from the field devices and the 
controller is typically made available to one or more applications executed by an 
operator workstation to enable an operator to perform desired functions with respect 
to the process, such as viewing the current state of the process, modifying the 

25 operation of the process, etc. 

The increasing number and size of power generating plants, industrial process 
plants, fossil-fueled heating ventilation and air-conditioning (HVAC) systems, 
appliances, etc. has seriously challenged the environment and has increased the 
importance of monitoring and analyzing the measurements made within residential, 

30 commercial and industrial process control systems. As a result, increased competition 
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and legal pressures such as, for example, increased environmental regulation, have 
caused environmental compliance and pollutant minimization, environmental safety, 
plant safety and improved energy efficiency of the process control activities within a 
plant to become a significant source of profit improvement for process plant owners. 
5 Of course, profit improvement also includes the avoidance of fines, lawsuits and other 
costs that may be associated with the failure to comply with environmental legislation, 
agency rules, safety regulations, etc. 

One particularly important regulatory area involves legislation designed to 
limit harmful emissions from process plants. The trend associated with such 
10 emissions legislation has been to require the monitoring and control of a broader 

range of chemical species and other environmental parameters such as, for example, 
emission opacity, particulate density, turbidity and micro-organism presence, type and 
concentration. In addition, regulatory authorities have recently drafted environmental 
legislation imposing a higher degree of accountability for plant owners and/or 
15 managers by requiring more detailed and more frequent reporting of emissions data. 

In addition to the increased importance of environmental issues and plant 
efficiency issues, the importance of feed stream, intermediate stream and final product 
composition and quality have also become crucial issues for plant operators and 
owners. For example, regulations affecting the production of pharmaceutical products, 
20 biotechnology products, food products, beverage products and any other products for 
which product composition and quality may affect human health and safety are subject 
to increasing levels of governmental control and scrutiny. See, for example, 21 CFR 
11. As is generally understood, the production of products that may affect human 
health and safety typically requires accurate process measurement and control as well 
25 as a production record suitable for auditing, A production record suitable for auditing 
usually includes a complete production history (i.e., detailed information concerning 
the conditions surrounding the production of each production item), sign-offs by 
authorized manufacturing and quality personnel, and verification, validation and 
reconciliation of all critical process parameters. 
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While a variety of data analysis tools such as optimization software, 
maintenance software, and a variety of other well known asset management methods, 
tools or software, such as those described in U.S. Patent Application No. 09/852,945 
entitled "Remote Analysis of Process Control Plant Data" filed on May 10, 2001 1 
5 which is hereby incorporated herein in its entirety, are widely used within process 

control plants, supporting such methods, tools and software often results in substantial 
costs to the plant owner. Ideally, however, the substantial costs associated with the 
purchase and maintenance of such asset management tools and software are more than 
offset by efficiency-based cost reductions, which are a direct result of using such tools 

10 and software. As is well known, these efficiency-based cost reductions are a result of 
the fact that the efficient operation of a plant depends strongly on the condition of the 
equipment within the plant and the timing of maintenance on that equipment. 

Traditionally, equipment performance monitoring tools such as, for example, 
input/output algorithms, models, etc. have been used to determine how efficiently a 

15 plant is running and/or whether a more cost effective process can be achieved through 
changes in maintenance procedures, replacement of worn equipment, modification of 
equipment, etc. Unfortunately, equipment performance monitoring requires 
significant expenditures for hardware and software (e.g., data analysis tools) and also 
typically requires skilled technicians and other specialists to support and oversee daily 

20 performance monitoring activities. Many plant owners and operators have recognized 
that the high costs associated with equipment performance monitoring activities have 
become an important area for competitive cost reductions, particularly in the case of 
smaller plant operations for which economies of scale dictate greater focus on core 
competencies, 

25 Custom analytical instrumentation provides one well known manner of 

measuring and optimizing critical process parameters. Unfortunately, such well- 
known custom analytical instrumentation is relatively costly and typically requires 
expensive proprietary communication networks and interfaces. The high costs 
associated with such custom analytical instrumentation are compounded by the fact 

30 that the proprietary nature of the communication links between the analytical 
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instrumentation and the devices within the process control plant requires each process 
plant to have a complete set of analytical instrumentation. In other words, with 
conventional analytical instrumentation and data analysis techniques, it is not possible 
to share analytical instrumentation resources between physically separate or remote 
5 plants much less between plants owned and operated by different business entities. 

Thus, relatively small process plants typically cannot justify the substantial investment 
required to implement custom analytical instrumentation or systems and, as a result, 
cannot realize the operational efficiency improvements and other benefits provided by 
these systems. 

10 While a typical process control system has many process control and 

instrumentation devices, such as valves, transmitters, sensors, etc. connected to one or 
more process controllers, which execute software that controls these devices during 
the operation of the process, there are many other supporting devices that are also 
necessary for or related to process operation. These additional devices include, for 

15 example, power supply equipment, power generation and distribution equipment, 
rotating equipment such as turbines, etc, all of which are typically distributed 
throughout a plant. While this additional equipment does not necessarily create or use 
process variables and in many instances is not controlled or even coupled to a process 
controller for the purpose of affecting the process operation, this equipment is 

20 nevertheless important to and is ultimately necessary for proper operation of the 
process. 

Persons responsible for applications used for business applications, such as 
ordering parts, supplies, raw materials, etc, making strategic business decisions such 
as choosing which products to manufacture, what variables to optimize within the 

25 plant, etc. are typically located in offices of the plant that are remote from both the 
process control interfaces and the maintenance interfaces. Likewise, managers or 
other persons may want to have access to certain information within the process plant 
from remote locations or from other computer systems associated with the process 
plant for use in overseeing the plant operation and in making long term strategic 

30 decisions. Unfortunately, the proprietary nature of the communication links that are 
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typically used with conventional analytical instrumentation systems makes it difficult, 
if not impossible, for an authorized user to access important process control data from 
a remote location. More specifically, for the remote user to communicate with 
analytical instrumentation systems, the user must typically employ a computer 
5 platform having its own copies of the software needed to communicate using the 

proprietary communication protocol of the instrumentation and process control system 
of a particular process plant. 

SUMMARY OF THE INVENTION 
In accordance with one aspect of the invention, a data processing system for 
10 use with a process control system includes a first processing plant communicatively 
coupled to an open network and a second processing plant communicatively coupled 
to the open network- The data processing system may further include a primary server 
communicatively coupled to the open network that may be adapted to execute a data 
processing application, and a primary data historian maybe communicatively coupled 
15 to the primary server. The primary server may be adapted to receive process control 
information from the first and second processing plants via the open network and to 
store a portion of the received process control information in the primary data 
historian. Additionally, the primary server may be further adapted to use the data 
processing application to generate analysis results and send the analysis results to the 
20 first and second plants via the open network. 

In accordance with another aspect of the invention, a data processing system 
for use with a process control system includes a cluster of redundant servers that are 
communicatively coupled via local network. Each of the redundant servers may be 
adapted to acquire and process data. The data processing system may also include a 
25 plurality of redundant data historians that are communicatively coupled to each other 
and to the cluster of redundant servers. Additionally, the data processing system may 
fiirther include a plurality of process plants that are communicatively coupled to the 
cluster of redundant servers via an internet. The plurality of process plants may be 
associated with a plurality of business entities, and the cluster of redundant servers 
30 may be adapted to execute a data processing application that processes information 

-5- 
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received from the plurality of process plants and that generates analysis results which 
are accessible by a user via the internet 

In accordance with yet another aspect of the invention, a method of acquiring, 
analyzing and reporting process plant data includes the steps of receiving information 

5 from a plurality of process plants associated with a plurality of business entities via an 
internet and processing the received information using a cluster of redundant servers 
associated with a vendor business entity that is different from the plurality of business 
entities to generate analysis results. The method may also include the steps of storing 
the analysis results in a plurality of redundant data historians that are communicatively 

10 coupled to the cluster of redundant servers, providing access to the analysis via the 

internet and billing each of the plurality of business entities based on one of respective 
data usage and type and processing time. 

BRIEF DESCRIPTION OF TH E DRAWINGS 
Fig, 1 is an exemplary schematic block diagram of shared-use data processing 

15 facility that uses the Internet to communicate with process control plants associated 
with a plurality of different business entities; and 

Fig. 2 is an exemplary schematic block diagram that depicts one manner in 
which a process control plant process control system may be configured to interface 
with the shared-use data processing facility shown in Fig. 1 . 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schematic block diagram of a shared-use data processing facility 
100 that may use internet-based communications to provide data processing and 
control facilities to a plurality of remotely situated process plants. Generally 
speaking, the shared-use data processing facility described herein may communicate 

25 with one or more process plants that are physically remote from each other and from 
the data processing facility. As described in greater detail below, the shared-use data 
processing facility 100 may utilize the Internet to enable multiple process plants, each 
of which may be owned by multiple and/or different business entities, to analyze, to 
process and to manage process information or data, as well as to prepare reports and 
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to respond to ad hoc information requests from plant managers, operators or any other 
authorized users. 

Generally speaking, the process plants in communi cation with the shared-use 
data processing facility 100 may be owned and operated by a single business entity or, 
5 alternatively, single or groups of the process plants may be owned and operated by 
different multiple business entities. In any event, each of the process plants may send 
and receive data or information via the Internet to the shared-use data processing 
facility described herein. The shared-use data processing facility may provide a 
variety of optimization tools, control tools, diagnostic tools, etc. that may be useful in 

10 improving and/or enhancing the operation of the process plants. In this manner, the 
relatively high costs associated with hardware and software, as well as the 
maintenance thereof, of the data processing facility described herein may be shared 
among a plurality of physically separate plants and, if desired, among a plurality of 
business entities, each of which may be operating one or more plants in physically 

15 remote locations. Thus, in contrast to prior systems, which required that each physical 
plant have its own data analysis tools (e.g., optimizer tools, diagnostic tools, etc.), a 
relatively small process plant may be able to cost effectively realize the benefits of 
having access to such tools. 

Additionally, the ubiquitous nature of the Internet greatly simplifies the 

20 manner in which remote users, operators, technicians, etc. may interface with a 
particular plants data analysis tool, device, etc. For example, in contrast to 
conventional process control data analysis techniques and systems that typically 
require special (possibly custom) software and sometimes hardware to communicate 
with a plant that uses a proprietary communication protocol, the shared-use data 

25 processing facility described herein enables remote users or operators to access plant 
information, control plant operations, etc. using conventional internet browser 
software that is being executed on virtually any workstation, portable computer, etc. 
Furthermore, because the shared-use data processing facility described enables a user 
to interface with the data analysis tools and plants using conventional internet browser 

30 software as a visualization layer, the full-featured graphical interface capabilities of 
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welt-developed internet browser software can be leverage to enhance the functionality 
of the user's remote interface sessions. For example, as is well known, internet 
browser software typically provides applets that may be used to view information in 
real time. Thus, if desired, the shared-use data analysis facility described herein may 

5 use applets within one or more web pages that enable a user to view process control 
data from a particular plant in real-time. Additionally, the internet browser software 
may, if desired, provide flexible display and log formatting capability that allows plant 
operators, managers or any other user to customize how they would like to see process 
information presented. 

10 As shown in Fig, 1, the shared-use data analysis facility 100 includes a 

redundant server cluster 102, which includes a plurality of redundant servers 1 10, 1 12 
and 1 14, and a plurality of data historians 1 16 and 118, all of which are 
communicatively coupled via a data bus 120, The data bus 120 may an Ethernet- 
based local area network (LAN) or any other suitable data bus. The redundant servers 

15 1 10-1 14 may also be communicatively coupled to the Internet 122 via respective 
communication links 124, 126 and 128. The communication links 124-128 may be 
any suitable hardwired link such as, for example, a telephone line, or any suitable 
wireless link such as, for example, a satellite or cellular phone link. As is also shown 
in Fig. 1, a first business entity 130 having first and second process plants 132 and 

20 134 may use a communication link 136 that enables communications between its 

plants 132 and 134 and the redundant servers 1 10-1 14 via the Internet 122. As with 
the communication links 124-128, the communication link 136 may be any suitable 
hardwired or wireless link. Similarly, a second business entity 138 may include a 
third process plant 140 that uses a communication link 142 to communicatively 

25 couple the third process plant to the redundant servers 1 10-114 via the Internet 122. 

Generally speaking, the redundant servers 110-114 may function as a cluster of 
redundant servers that are responsible for the acquisition, processing, marshaling, 
archiving and reporting (e.g., presentation) of analytical and real-time process data* 
More specifically, each of the servers 1 10, 1 12 and 114 may include one or more 

30 respective applications (i.e., software) 1 50-160 that may execute complex calculations 
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and which may cany out change management for a process and/or plant. By way of 
example only, the applications 150-160 may include data analysis tools, remote 
process management tools, process optimization tools, continuous emissions 
monitoring and minimization tools, distributed power management tools, dispatch and 
5 optimization tools, centralized multi-client HV AC system monitoring and 
maintenance management tools, remote water and waste processing facility 
monitoring and control tools, pharmaceutical and bio-technology process, data 
management and control tools, semiconductor process control and data management 
tools, or any other desired software tools that may be used to enhance or improve the 
10 operation and/or interface to a process plant. Still further, the redundant cluster of 
servers 1 10-1 14 may be used to validate data prior to presentation (Le, 5 display) of 
that data to a user and may provide a relatively high degree of process management 
and reporting capability. Additionally, the redundant cluster of servers 110-114 may 
store and/or have access to properties (e.g M steam tables, chemical tables, etc.) and 
15 methods (e.g,, applications that may be customized for a particular user). Of course, 
while three servers are shown in Fig, 1, more or fewer servers may be used instead 
without departing from the scope and the spirit of the invention. 

The redundant servers 110-114 may send and receive historical process control 
data to and from the data historians 1 16 and US via the data bus 120. In this manner, 
20 the shared-use data processing facility 1 00 may organize and store or archive, in non- 
volatile memory, if needed, process control data, analysis results, reports, or any other 
information pertaining to the operation of a plant, process, etc. One of the redundant 
servers 1 10414 may function a primary server, while the other servers may be 
continuously synchronized with the primary server and function as backup servers. 
25 Such a backup function may be carried out by enabling one or more of the servers 

1 10-114 to continuously monitor the health and performance of the primary server. If 
failure or performance degradation of the primary server is detected or anticipated, 
one or more of the backup servers may take over data processing, analysis, etc. and 
supersede the operation of the failed or failing primary server. Importantly, the 
30 business entities 130 and 138 may be able archive significant amount of process data, 
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analysis results, etc. within the data processing facility 100, thereby enabling the 
secure, remote storage of potentially important process information and facilitating 
any future audit (e.g., by a regulatory agency) of that important process information. 
The design and operation of data historians are well known in the art and, thus, will 
5 not be described further herein. Although two redundant data historians 1 1 6 and 1 1 8 
are shown in Fig. 1, more or fewer redundant data historians could be used, if desired. 

Because the shared-use data processing facility 100 exchanges data, 
information, etc. with the business entities 130 and 138 via the Internet 122, a remote 
user 162, if authorized, may access process control data, analysis data, diagnostic data, 
10 or any other information or data generated by the plants 132, 1 34 and 140 and the 
shared-use data processing facility 100 using a portable computer, laptop computer, 
remote workstation, or any other suitable computer platform that is communicatively 
coupled to the Internet via a communication link 164. The communication link 164 
may be any suitable hardwired or wireless link that enables a computer to exchange 
15 digital information using well known internet protocols. As noted above, the remote 
user 162 does not have to employ a computer or other processing station having 
executable copies of expensive communications software that enables the remote 
computer to communicate with the proprietary communication protocols, which are 
typically associated with conventional analytical measurement systems and process 
20 control systems. Instead, the remote user 162 may interface with the shared-use data 
processing facility 100 using a conventional internet browser, which typically 
provides a full-featured graphical interface. 

Fig. 2 is a more detailed schematic block diagram that depicts the manner in 
which a plant process control system 200 may be configured to communicate via the 
25 internet 122 with the shared-use data processing facility 100 shown in Fig, L As 
shown in Fig, 2, the process control system 200 may include a plurality of internet- 
enabled smart field devices 210 and 212, redundant data concentration nodes 214 and 
216, a web server 218, redundant data historians 220 and 222 and a field device 
interface 224, which may be connected to a plurality of conventional field devices 
30 226, 228 and 230, all of which may be communicatively coupled within a local area 

- 10- 
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network via a data bus 232. The data bus 232 may be an Ethernet-based data bus, or 
any other suitable data bus based on, for example, RS485 Modbus, Foundation 
Fieldbus, blue tooth, or generally any other communication protocol that uses a wire- 
based, wireless, fiber optic, etc., physical communication medium. 
5 The internet-enabled smart field devices 210 and 212 may include respective 

embedded data servers 234 and 235 that enable the smart field devices 210 and 212 to 
communicate via the Internet 122 over communication links 236 and 237 using any 
desired internet protocol such as, for example, transport control protocol internet 
protocol (TCP/IP). The embedded data servers 234 and 235 enable the smart field 
10 devices 2 1 0 and 21 2 to send and receive measurement information, sensor status 
information, control information, or any other process information to and from the 
shared-use data processing facility 100 (Fig. 1). The smart field devices 210 and 212 
may be any desired devices or systems that are adapted for use within a process 
control system such as, for example, temperature sensors, pressure sensors, level 
15 sensors, volumetric flow sensors, mass flow sensors, position sensors, speed sensors, 
heat transfer coefficient sensors, limit switches and other on/off sensors and control 
devices, as well as condition sensors for process equipment diagnostics such as 
vibration and acceleration monitors. The internet-enabled smart field devices 210 and 
212 facilitate remote access (e.g., a remote user in communication with the shared-use 
20 data processing facility 1 00) and/or local access (e.g., a user at an operator's terminal 
within a plant). Additionally, the internet-enabled smart field devices provide remote 
and/or local access to diagnostic information, enable users to set configuration 
parameters, and provide access to device maintenance and calibration history some or 
all of which may be organized and stored within the redundant data historians 1 16 and 
25 118. 

The internet-enabled smart field devices 210 and 212 may also include 
respective embedded data historians 238 and 240 that may be used to organize and 
archive data, analysis results, etc. within the smart filed devices 210 and 212. The 
data historians 238 and 240 may be used in well known manners to maintain to 
30 prevent the loss of critical data in the event communications are interrupted. 
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Similarly, the internet-enabled field device interface 224 also includes an 
embedded data server 242 and an embedded data historian 244. The internet-enabled 
field device interface 224 may communicate with the field devices 226-230 via a data 
bus 246, in which case, the field devices 226-230 are smart field devices such as, for 

5 example, Foundation Fieldbus devices that communicate using the Foundation™ 
Fieldbus communication protocol. Additionally, the internet-enabled field device 
interface 224 may include a controller 248, such as, for example, a Delta V™ 
controller sold by Fisher-Rosemount Systems, Inc. of Austin, Texas, or any other 
suitable controller. Additionally, the internet-enabled field device interface 224 may 

10 include an input/output (I/O) device 250 that enables communications between the 
controller 248 and the field devices 226-230. Of course, other types of smart or non- 
smart field devices could be used instead of or in addition to Fieldbus devices. For 
example, highway addressable remote transmitter (HART) devices may be used. 
Furthermore, other communication protocols may be used for the data bus 246. For 

15 example, field devices using any of the PROFIBUS®, WORLDFIP®, Device-Net®, 
AS-Interface and CAN protocols could be used instead of or in addition to Fieldbus 
devices. Thus, the internet-enabled field device interface 224 enables a plurality of 
smart and/or non-smart field devices to communicate over the Internet 122 with the 
shared-use data processing facility described herein via a communication link 251, 

20 without requiring the field devices 226-230 to have internet-enabled embedded data 
servers or embedded historians as are used with the internet-enabled smart field 
devices 210 and 212. Alternatively, the internet-enabled field device 224 may be 
based on a lower functionality platform such as, for example, a remote terminal unit 
(RTU), which is a well known control system platform. 

25 The redundant data concentration nodes 214 and 216 reside at a higher level of 

the plant or process control system 200 hierarchy and may collect process control data 
and other process information from the internet-enabled smart field devices 2 1 0 and 
212, the internet-enabled field device interface 224 and any other devices or systems 
via the system data bus 232. At least one of the data concentration nodes 214 and 216 

30 may be configured to act as a primary device while another one of the concentration 

- 12- 
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nodes may be configured to function as a backup or redundant device. In that case, 
the primary one of the concentration nodes 214 and 216 may send and receive (i.e., 
marshal) information to the shared- use data processing facility described herein via 
the system level data bus 232 and the web server 218. Additionally, the redundant 
5 data historians 220 and 222 may be used to organize and archive process control data, 
diagnostic data, or any other information or data pertaining to the process control 
system 200. 

The data servers used in connection with the shared-use data processing 
facility described herein may use any desired data compression technique to minimize 

10 bandwidth consumption without sacrificing data content or accuracy. Additionally or 
alternatively, the embedded data servers 234, 235 and 242 used within the internet- 
enabled smart field devices 210 and 212, the internet-enabled field device interface 
224 and/or the web server 218 may use data compression to minimize bandwidth 
consumption. By way of example only, data compression techniques may be 

15 accomplished using well known techniques such as exception transmission (i.e., 

insignificant data changes are not transmitted), Fourier or wavelet transmission, which 
transmits frequency domain coefficients that are reconstituted into the original real- 
time signal by the receiving device, etc. Of course, any other known or later 
developed data compression techniques could be used instead without departing from 

20 the scope and the spirit of the invention. 

The shared-use data processing facility described herein may employ various 
data correction techniques to correct for sensor drift (i.e., degradation of sensor 
accuracy over time) and sensor failure. The redundant data servers 1 10- 11 4 within the 
shared-use data processing facility 100 may execute applications that provide 

25 automatic digital verification, data validation, data reconciliation and periodic or event 
triggered automatic data source re-calibration (for sensors or other devices having this 
capability). Further, the data correction applications being executed by the shared-use 
data processing facility 100 may include failure and drift detection circuitry and/or 
logic that identifies when a sensor or device has drifted (or is about to drift) beyond its 

30 self-correction range. In response to detecting such an out-of-range condition, the 
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failure and drift detection circuitry and/or logic may execute a bumpless measurement 
substitution, which sends the last known good measurement from the failing sensor or 
device to a redundant sensor or device, and may then generate and alarm message for 
the failed or failing device. Of course, more complex data correction or substitution 

5 schemes such as, for example, neural net or correlation model may be used instead. In 
any event, the shared-use data processing facility may then use diagnostic information 
pertaining to the failed sensor or device to autonomously request or to initiate needed 
maintenance for that failed sensor or device. In cases where a sensor does not provide 
automatic re-calibration capability, the shared-use data processing facility described 

10 herein may use redundant measurements, heat flow and material balances anchor 

process models to develop correction factors that may be applied to the measurements 
being read from inaccurate sensors and other devices, thereby eliminating the need to 
immediately remove, replace or service these devices. To facilitate the data correction 
capabilities of the shared-use data processing facility described herein, the various 

15 data servers used within the system such as, for example, the embedded servers 234, 
235 and 242, the data concentration nodes 214 and 216 and the redundant servers 110- 
1 14, may add time stamp and data quality parameters to data that is being 
communicated between a plant and the shared-use data processing facility 100. 

The shared-use data processing facility described herein may be used to cost 

20 effectively provide a wide variety of complex applications to a wide variety of 
customers, including large-scale geographically diverse plants owned by a single 
business entity, smaller single location industrial or commercial plants, and even 
small residential process systems (e.g,, residential power and energy management 
applications). One particularly important industrial plant application of the shared-use 

25 data processing facility described herein involves the collection and reporting of 
continuous emissions monitoring data (CEMD), For example, the shared-use data 
processing facility described herein may compare CEMD from a particular plant (or 
plants) to predetermined operational or Environmental Protection Agency (EPA) 
limits and may generate one or more alerts, alarms and/or reports using the CEMD. In 

30 particular, if certain EPA emissions limits are exceeded (or are near a limit and are 
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about to exceed that limit) an alert or alarm message may be automatically transmitted 
by the shared-use data processing facility to plant management, government 
authorities, etc. If desired, the alarm messages may be routed to cause the automatic 
dispatching of a maintenance person or any other person that may be able to 
5 investigate and/or correct the forecast or current condition causing the alarm. Such 

alarm messages may be conveyed using electronic mail messages, pager messaging, or 
any other desired messaging mechanism. Alternatively or additionally, the shared-use 
data processing facility described herein may transmit emissions data to plant 
management and/or government regulatory authorities using a pre-approved format. 
10 In any event, because the shared-use data processing facility can generate alarm 

messages indicating that an emissions limit is in danger of being exceeded and can 
send those messages to a plant manager or operator, the plant manager or operator 
may be able to avert a potentially costly violation of a governmental regulation. 
In addition to providing alert or alarm messages in response to emissions 
15 levels that exceed or that are about to exceed regulatory limits, the shared-use data 
processing facility may also be used in an environmental management capacity, 
whereby the optimization applications of the shared-use data processing facility are 
used to minimize pollution levels (as opposed to merely alarming when such levels 
are near to or exceed regulatory limits). For example, CEMD may be used to provide 
20 inputs to a shared vector gradient, neural net, and/or Fibonacci search-based emissions 
optimization/minimization technique, thus, the shared-use data processing facility 
described herein may be used to provide alarming functions, as well as control 
functions, including compensatory control or automatic safety shut down of a plant 
and optimization of plant processes, thereby minimizing environmental impact and 
25 improving plant safety and equipment integrity. More generally, such automatic or 
compensatory control functions may also serve to increase product production rates 
and quality, which may significantly increase plant profitability. Furthermore, 
because the shared-use data processing facility communicates using the Internet 122, 
plant owners and operators may provide ready on-line access to the operation of their 
30 plants to governmental authorities. In other words, government agents may be 
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authorized to engage in on-line interrogation of a particular business entity's plant or 
plants, thereby eliminating costly and time consuming site visits. 

Still further, the shared-use data processing facility described herein may 
provide cost accounting and management applications that enhance a plant operator's 
5 or plant owner's ability to manage and to control production or plant operation costs. 
In some cases, the shared-use data processing facility may be used to engage in real- 
time cost accounting and cost management activities that allow the operation of a 
plant to modify control parameters or any other plant conditions to maximize actual 
current profit, maximize actual current equipment utilization, etc. These cost 
10 accounting and cost management applications preferably, but not necessarily, provide 
intuitive cost information to plant managers or operators, instead of merely providing 
equipment information, which does not necessarily provide a clear understanding of 
the costs associated with that equipment information. 

Generally speaking, compared to conventional systems, which typically utilize 
15 proprietary communication protocol and custom user interface software, the shared- 
use data processing facility described herein provides an increased scope of 
connectivity to process plants. The shared-use data processing facility described 
herein enables any authorized user to access needed plant information, analysis 
results, diagnostic information, emissions data, etc, using virtually any computer 
20 platform having internet browser capability and access to virtually any hardwired 
(e.g., telephone, cable, etc.) or wireless (e.g., satellite, cellular, etc.) communication 
link. Thus, plant managers, operators, regulatory agents or any other authorized users 
may be able to view real-time plant information associated with particular plants, 
areas within plants, particular systems or devices within a plant, etc. Furthermore, the 
25 shared-use data processing facility described herein may provide these users with a 
wide variety of environmental compliance reports, plant efficiency reports, energy 
usage reports, maintenance information, predictive results, etc. without requiring each 
plant to incur the overhead associated with having to support the complex hardware, 
software, software support personnel, training needs, etc. that is typically needed to 
30 carry out such activities. In other words, the shared-use data processing facility 
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described herein enables a wide variety of information to be provided (i.e., served) to 
a wide variety of customers at a very low cost. For instance, a plant manager may use 
the shared-use data processing facility described herein to view and track in real-time, 
temperatures, pressures, flows, etc. via a corporate intranet connection to any 

5 computer (including a portable computer that is physically remote from the plant site) 
capable of executing a browser. Further, the plant manager may, if desired, trend one 
or more process parameters using a browser applet. Still further, a process engineer or 
plant manager may analyze and track batch process activities and, if desired, may 
request reports detailing a summary of raw material costs, energy costs, a comparison 

10 of product quality and costs between processing units, etc. 

Thus, the shared-use data processing facility described herein may be used by 
small scale users that would not otherwise be able to justify the capital expenditures, 
specialized maintenance personnel, etc. that are typically required to maintain data 
processing facilities (i.e., the data acquisition systems, analyzers, communication 

15 systems, etc.) on-site at the plant. Instead, the shared-use data processing facility 

described herein enables multiple business entities to share a centrally-managed data 
processing facility via the Internet, In some cases, the shared-use data processing 
facility described herein may be owned and operated by one business entity and other 
different business entities having one or more process plants may lease (e.g,, using an 

20 off-book operating lease, financial lease, etc.) or rent the data servers, software and 
any other equipment needed to use the shared-use data processing facility. In this 
manner, a business entity using the services of the shared-use data processing facility 
may be charged periodically for its use based on the amount and/or type of data being 
supplied to that business entity. Preferably, but not necessarily, the periodic charges 

25 incurred by the renting or leasing business entity would be substantially less than the 
costs that would otherwise be incurred by the business entity if it had to purchase and 
operate its own data processing facility of similar capability. 

While the shared-use data processing facility has been described herein as 
preferably being implemented using one or more software applications, some or all of 

30 the functions carried out by these applications maybe implemented in hardware, 
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firmware, etc., and may be implemented by any other processor associated with a 
process control system or plant. Thus, the elements described herein may be 
implemented in a standard multi-purpose CPU or on specifically designed hardware or 
firmware such as an application-specific integrated circuit (ASIC) or other hard-wired 

5 device as desired. When implemented in software, the software routine may be stored 
in any computer readable memory such as on a magnetic disk, a laser disk, or other 
storage medium, in a RAM or ROM of a computer or processor, in any database, etc. 
Likewise, this software may be delivered to a user or a process control plant via any 
known or desired delivery method including, for example, on a computer readable 

10 disk or other transportable computer storage mechanism or over a communication 
channel such as a telephone line, the internet, etc, (which are viewed as being the 
same as or interchangeable with providing such software via a transportable storage 
medium). Furthermore, one or more different types of data storage devices may be 
used within the historians and other data storage equipment described in connection 

15 with the shared-use data processing system. For example, a redundant array of 
inexpensive disks (RAID) may be used if desired. 

Thus, while the present invention has been described with reference to specific 
examples, which are intended to be illustrative only and not to be limiting of the 
invention, it will be apparent to those of ordinary skill in the art that changes, 

20 additions or deletions may be made to the disclosed embodiments without departing 
from the spirit and scope of the invention. 
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CLAIMS 

What is claimed is: 

L A. data processing system for use with a process control system, the 
data processing system comprising: 
5 a first processing plant communicatively coupled to an open network; 

a second processing plant communicatively coupled to the open network; 
a primary server communicatively coupled to the open network, wherein the 
primary server is adapted to execute a data processing application; and 

a primary data historian communicatively coupled to the primary server, 
10 wherein the primary server is adapted to receive process control information from the 
first and second processing plants via the open network and to store a portion of the 
received process control information in the primary data historian and wherein the 
primary server is further adapted to use the data processing application to generate 
analysis results and send the analysis results to the first and second plants via the open 
15 network. 

2. The system of claim 1 „ farther comprising a redundant server that is 
communicatively coupled to the primary server and the primary data historian, 
wherein the redundant server is adapted to maintain synchronization with the primary 
20 server and to supersede the primary server in response to one of a failure indication 
and degradation indication associated with the primary server. 
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3. The system of claim 2, further comprising a redundant data historian 
that is communicatively coupled to the primary server, the redundant server and the 
primary data historian, wherein the redundant data historian is adapted to maintain 
data synchronization with the primary data historian and to supersede the primary data 

5 historian in response to one of a failure indication and degradation indication of the 
primary data historian. 

4. The system of claim I, wherein the open network is the Internet. 

5. The system of claim 1 , wherein the first process plant is in a first 
geographic location and the second process plant is in a second geographic location 

10 different from the first geographic location, 

6. The system of claim 1 , wherein the first process plant is associated 
with a first business entity and the second process plant is associated with a second 
business entity. 

7. The system of claim 1, wherein the data processing application is 
15 adapted to perform one of a plant optimization function, a real-time process 

monitoring function, a data reconciliation function, a plant emissions analysis 
function, a plant emissions control function, a dispatch function, a plant control 
function and an alarming function. 

8. The system of claim 1 , wherein the data processing application is 
20 adapted to perform a data correction function. 
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9. The system of claim 8, wherein the data correction function is one of a 
digital verification function, a data validation function, a data reconciliation function 
and a data source re-calibration function. 

1 0. The system of claim 1 , wherein the data processing application uses 
5 continuous emissions monitoring data to generate a plant emissions report. 

1 1 . The system of claim 1 0, wherein the data processing application 
generates the plant emissions report using a using a format defined by a governmental 
authority and communicates the plant emissions report to the governmental authority. 

12. The system of claim 1, wherein the data processing application 

10 performs one of a plant emissions minimization and a plant emissions optimization 
using one of a shared vector gradient technique, a neural net technique and a 
Fibonacci search technique. 

1 3 . The system of claim 1 , wherein the data processing application 
performs a compensatory control function in response to emissions data received from 

1 5 one of the first and second process plants. 

1 4. The system of claim 1 , wherein the data processing application uses an 
internet browser application as a visualization layer. 

15. The system of claim 14, wherein the internet browser application is 
executed within a user interface that is physically remote from the first and second 

20 process plants. 
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16. The system of claim 1, wherein one of the first and second process 
plants further comprises one of an internet-enabled field device, an internet-enabled 
field device interface and a data concentration node. 

1 7. The system of claim 16, wherein the one of the internet-enabled field 
5 device, an internet-enabled field device interface and a data concentration node 

includes an embedded data server and an embedded data historian communicatively 
coupled to the embedded data server. 

1 8 + The system of claim 1 , wherein one of the first and second plants 
includes a digital communication network based on one of an RS485, Foundation 
10 Fieldbus, Ethernet TCP/IP and a wireless blue tooth protocol. 

1 9. The system of claim 1 , wherein one of the first and second plants and 
the primary server uses a data compression technique to transmit information via the 
open network. 

20. A data processing system for use with a process control system, the 
1 5 data processing system comprising: 

a cluster of redundant servers that are communicatively coupled via local 
network, wherein each of the redundant servers is adapted to acquire and process data; 

a plurality of redundant data historians that are communicatively coupled to 
each other and to the cluster of redundant servers; and 
20 a plurality of process plants that are communicatively coupled to the cluster of 

redundant servers via an internet, wherein the plurality of process plants is associated 
with a plurality of business entities, and wherein the cluster of redundant servers is 
adapted to execute a data processing application that processes information received 
from the plurality of process plants and generates analysis results that are accessible 
25 by a user via the internet. 
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2 1 , The system of claim 20, wherein the data processing application 
includes one of a data analysis tool, a remote process management tool, a process 
optimization tool, a continuous emissions monitoring and minimization tool, a 
distributed power management tool, a dispatch and optimization tool, a centralized 

5 multi-client HVAC system monitoring and maintenance management tool, a remote 
water and waste processing facility monitoring and control tool, a pharmaceutical 
process tool, a biotechnology process tool and a semiconductor process tool. 

22, The system of claim 20, wherein each of the plurality of process plants 
includes one of an internet-enabled field device, an internet-enabled field device 

10 interface and a data concentration node, 

23 . The system of claim 22, wherein the one of the internet-enabled field 
device, an internet-enabled field device interface and a data concentration node 
includes an embedded data server and an embedded data historian, 

24. A method of acquiring, analyzing and reporting process plant data, 
15 comprising the steps of: 

receiving information from a plurality of process plants associated with a 
plurality of business entities via an internet; 

processing the received information using a cluster of redundant servers 
associated with a vendor business entity that is different from the plurality of business 
20 entities to generate analysis results; 

storing the analysis results in a plurality of redundant data historians that are 
communicatively coupled to the cluster of redundant servers; 

providing access to the analysis via the internet; and 

billing each of the plurality of business entities based on one of respective data 
25 usage and type and processing time. 
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25. The method of claim 24, wherein the step of receiving the information 
from the plurality of process plants includes the step of receiving a first part of the 
information from a first process plant in a first geographic location and a second part 
of the information from a second process plant is in a second geographic location that 

5 is physically remote from the first geographic location, wherein the first process plant 
is associated with a first one of the plurality of business entities and the second 
process plant is associated with a second one of the plurality of business entities. 

26. The method of claim 24, wherein the step of processing the received 
information includes the step of performing one of a plant optimization function, a 

10 real-time process monitoring function, a data reconciliation function, a plant 

emissions analysis function, a plant emissions control function, a dispatch function, a 
plant control function and an alarming function. 

27. The method of claim 24, wherein the step of processing the received 
information using the cluster of redundant servers associated with the vendor business 

15 entity that is different from the plurality of business entities to generate the analysis 
results includes the step of performing a data correction function. 

28. The method of claim 24, wherein the step of processing the received 
information using the cluster of redundant servers associated with the vendor business 

20 entity that is different from the plurality of business entities to generate the analysis 
results includes the step of using continuous emissions monitoring data to generate a 
plant emissions report. 

29. The method of claim 28, wherein the step of using continuous 
emissions monitoring to generate the plant emissions report includes the step of using 

25 a using a format defined by a governmental authority. 
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30. The method of claim 24, wherein the step of processing the received 
information using the cluster of redundant servers associated with the vendor business 
entity that is different from the plurality of business entities to generate the analysis 
results includes the step of performing one of a plant emissions minimization and 

5 optimization using one of a shared vector gradient technique, a neural net technique 
and a Fibonacci search technique. 

3 1 . The method of claim 24, further comprising the step of sending a first 
part of the received information from one of the plurality of process plants to the 
cluster of redundant servers using one of an internet-enabled field device, an internet- 
enabled field device interface and a data concentration node. 

32. The method of claim 3 1 , wherein the step of sending the first part of 
the information from the one of the plurality of process plants to the cluster of 
redundant servers using the one of an internet-enabled field device, an internet- 
enabled field device interface and a data concentration node includes the step of using 
an embedded data server to send the first part of the information. 

33. The method of claim 24, wherein the step of billing each of the 
plurality of business entities includes the step of billing each of the plurality of 
business entities in accordance with one of a rental agreement, an off-book operating 
lease agreement and a financial lease agreement for respective costs that are less than 
the costs associated with the costs that would otherwise be incurred by each of the 
plurality of processing plants to generate the analysis results. 

34. The method of claim 24, wherein the analysis results include cost 
accounting information for each of the plurality of processing plants. 
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35. A data processing system for use with a process control system, the 
data processing system comprising: 

a processing plant communicatively coupled to an open network; 

a remote user interface communicatively coupled to the open network; 
5 a server communicatively coupled to the open network, wherein the server is 

adapted to execute a data processing application; 

a data historian communicatively coupled to the server, wherein the server is 
adapted to receive process control information from the processing plant via the open 
network and to store a portion of the received process control information in the data 
10 historian and wherein the server is further adapted to use the data processing 

application to generate analysis results and send the analysis results to the remote user 
interface via the open network. 

36. The system of claim 35, wherein the remote user interface is associated 
with a regulatory authority. 

15 37. The system of claim 36, wherein the regulatory authority is the 

Environmental Protection Agency. 

38. The system of claim 35, further comprising a second processing plant 
communicatively coupled to the open network that sends process control information 
associated with the second processing plant to the server via the open network, 

20 39. The system of claim 35, further comprising a redundant server 

communicatively coupled to the server, wherein the redundant server is adapted to 
maintain synchronization with the server and to supersede the server in response to 
one of a failure indication and degradation indication associated with the server. 
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